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OXAZAPHOSPHORINSS PSEFOL AS ANTITUMOR AGENTS, A PROCESS 
FOR THE PREPARATION THEREOF AMD PHARMACEUTICAL 
COMPOSITIONS CONTAINING THEM 

The present invention relates to novel oxazapho- 
sphorines having antitumor activity, to a process for 
the preparation thereof and to pharmaceutical composi- 
tions containing them. 
5 Cyclophosphamide is one of the most used antitumor 

drugs, thanks to the wide activity spectrum, in the 
treatment of both leukemias and solid tumors. The meta- 
bolic activation by hepatic microsomes is considered to 
be the first event acting in the action mechanism of 

10 such a substance, and the phosphor amide mustard, which 
is generated together with acrolein as a consequence of 
said activation, is thought to be the chemical species 
responsible for the cytotoxic activity of cyclophospha- 
mide. However, this drug has un desired side-ef f ects : 

15 toxicity on urinary system, myelosuppression and immu- 
nodepression, which are partially related to acrolein 
formed during the activation, are frequently observed 
in patients treated with cyclophosphamide, and they 
remarkably restrict the use thereof. Moreover, resi- 

20 stance phenomena often occurs, as a consequence of a 
repeated treatment. 

Therefore, cyclophosphamide analogues capable of 
overcoming said problems are highly required. For 
example, in J. Med. Chem. (1991), 3A, 588 phosphora- 

25 mide mustard benzyl esters are described, which release 
the cytotoxic species through a bio-oxidative activa- 
tion, without the concomitant acrolein production. 



WO 93/05054 



PCT/EP92/01768 



Moreover, phosphoramide mustard nitrobenzyl esters and 
the corresponding heteroaromatie analogues thereof are 
known, which are capable of releasing the alkylating * 
species in a reductive medium (WO 89/1148'4). No in vivo 
5 antitumor activities have been reported for the above 
cited substances. 

The present invention relates to oxazaphosphori- 
nes, useful as antitumor agents, which can generate the 
alkylating species by metabolic activation, without the 

10 concomitant acrolein production.- A characteristic of 
the compounds of the invention resides in the metabolic 
activation mechanism which can be of the bioreductive 
kind, instead of the bio-oxidative one which is 
operating with the known oxazaphosphorines. 

15 Therefore, the present invention provides 2,7,12- 

trioxoanthracene [ 2 , 1-e ]-l, 3 , 2-oxazaphosphorines of 
formula (I) 



20 



25 




(I) 



wherein : 

R is hydrogen, C 1 -C 4 alky I , 2-chloroethyl, 2-bromo- 

ethyl, 2-iodoethyl, 2-mesyloxyethylf 

30 r , R. , which can be the same or different, are hydro- 
a b 

gen, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2-mesy- 
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loxyethyl; 

R^ and R 2 , which can be the same or different, are 
hydrogen, c i" C 4 alkoxy, allyloxy, propargyloxy or a 
group of formula -0-{CH 2 ) n -N-R 3 ; 
5 R 4 

R 3 and R 4 are C^-C^ alkyl, or together with the nitro- 
gen atom which they are linked to, form a 5-6 membered 
heterocyclic ring optionally containing one or more 0, 
N or S atoms; 

10 n is an integer from 2 to 5. 

The present invention also relates to the pharma- 
ceutically acceptable salts of compounds of general 
formula (I), such as the addition salts with inorganic 
acids (hydrochloride, hydrobromide , sulfate, hydrogen 

15 sulfate, nitrate) or organic (formate, acetate, 
trifluoro acetate, maleate, fumarate, tartrate, methane- 
sulfonate, benzenesulfonate, toluenesulfonate) . The 
present invention also relates to the racemate, the 
single dia stereoisomers and the optically active forms 

20 of the compounds of general formula (I). 

In general formula (I) it is understood that the 
R^ and R 2 substituents can be at any one of the 
5,6,8,9,10 or 11 positions of the 2 , 7 , 12-trioxoanthra- 
cene[2,l-e]-l, 3 , 2-oxazaphosphorine ring. 

25 In compounds of formula (I), C 1 ~C 4 alkyl includes 

methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, t-butyl; particularly preferred are methyl 
and ethyl. 

C^-C^ alkoxy includes methoxy , ethoxy, n-propoxy, 
30 iso-propoxy, n-butoxy, tert-butoxy ; particularly pre- 
ferred is methoxy. 
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. 4 

R is preferably hydrogen, 2-chloroethyl, 2-mesy- 
loxyethyl; compounds particularly preferred are those 
wherein R is hydrogen. 

R a and R b are preferably both 2-chloroethyl. 
5 r and R 2 are preferably at the 6- and 11- posi- 

tions of the 2, 7, 12-trioxoanthracene[ 2, 1-e] -1,3, 2-oxa- 
zaphosphorine ring, preferably one of R x or R 2 is 
hydrogen and the other is as defined above. 

When R 3 and R 4 , taken together with the nitrogen 
10 atom which they are linked to, form a 5-6 membered he- 
terocyclic ring, this is preferably a morpholino, pyr- 
rolidine, piperidino, N-methylpiperazino, thiomorpho- 
lino ring; particularly preferred is the morpholino 
ring . 

X5 n is preferably the integer 2 or 3. 

Examples of compounds of the present invention 

are: 

3 , 4-dihydro- ( 2H) -2- [bis ( 2-chloroethyl) amino ] -6-methoxy- 
2,7, 12-tr ioxoanthracene [ 2 , 1-e ] -1 , 3 , 2-oxazaphosphorine ; 
20 3, 4 -dihydro-C 2 H) -2- [bis (2-chloroethyl ) amino] -6- ally 1- 
oxy-2 , 7 , 12-tr ioxoanthracene [ 2 , 1-e ] -1, 3 , 2-oxazaphospho- 
rine ; 

3 ,, 4-dihydro- ( 2 H) -2- [bis ( 2 -chloroethy 1 ) amino I-ll-me- 
thoxy-2 , 7 , 12-tr ioxoanthracene. [ 2 , 1-e ] -1 , 3 , 2-oxazapho- 
25 sphorine; 

3 ,4-dihydro-{2H)-2-[bis (2-chloroethyl)amino3-ll-ally- 
loxy-2 , 7 , 12-tr ioxoanthracene [2 , 1-e ]-l, 3 , 2-oxazapho- 
sphorine ; 

3 , 4-dihydro-(2H) -2- [bis {2-chloroethyl ) amino 1-6- I 3~( 4 1 - 
30 morpholinyl)propoxy]-2 , 7 , 12-trioxoanthracene[2 , 1-e J- 
1 , 3 , 2-oxazaphosphorine ; 
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5 

3 , 4-dihy dr o- ( 2 H ) -2- [ bis ( 2 -chloroet hy 1 ) amino }-ll-[3-{4 
morphol inyl ) propoxy ] -2 , 7 , 12-tr ioxoanthracene [ 2 , 1-e ] ~ 
1 , 3 , 2-oxazaphosphorine ; 

3 / 4-dihydro-(2H)-2-[bis(2-.chloroethyl)amino]-6-[3-{N,N- 
dime thy lamino ) propoxy 3-2,7, 12-tr ioxoanthracene [ 2 , l-e ]- 
1,3, 2-oxazaphosphorine ; 

3 , 4-dihydro- ( 2H) -2- [bis (2-chloroethyl ) amino] -11- [ 3- 
( N , N-dime thy lamino ) propoxy ] -2 , 7 , 12-tr ioxoanthrace- 
ne [ 2 , l-e 1-1,3,2 -oxazaphosphorine ; 

3 , 4-dihydro- ( 2 H ) -2 - [ bi s ( 2-chloroe thy 1 ) amino ] - 11- [ 2- ( 4 ' - 
morpholinyl ) ethoxy ] -2 , 7 , 12-tr ioxoanthracene [ 2 , l-e ] - 
1,3, 2-oxaz aphosphor ine ; 

3 , 4-dihy dro-{2H) -2- [bis (2-chloroethyl) amino] -6- [2- (4»- 
morphol inyl ) -ethoxy ] -2 , 7 , 12-tr ioxoanthracene [ 2 , l-e ] - 
1 , 3 , 2-oxazaphosphorine ; 

3 , 4-dihydro- f 2H} -2- [bis (2-chloroethyl ) amino ] -11- [2- 
(N,N-dimethy lamino) ethoxy ]-2, 7 , 12-trioxoanthracene[2 , 1- 
e]-l, 3, 2-oxazaphosphorine; 

3, 4-dihydro-(2H)-2-[bis (2-chloroethyl ) amino]-6- [3-( 1 '- 
piperidyl ) propoxy ] -2 , 7 , 12-tr ioxoanthracene [ 2 , l-e ] - 
1,3, 2-oxazaphosphorine ; 

3 , 4-dihy dro- ( 2H) -2- [bis (2-chloroethyl ) amino 1-11- [ 3- ( 1 • - 
piperidyl ) propoxy ] -2 , 7 , 12-tr ioxoanthracene [ 2 , l-e ] - 
1 , 3 , 2-oxazaphosphorine ; 

3 , 4-dihydro- ( 2H) -2- [bis (2-chloroethyl ) amino]-6- [ 2- { 4 • - 
me thy Ipiper az in-1 ' -yl ) ethoxy ] -2 , 7 , 12-tr ioxoanthrace- 
ne! 2, l-e]-l, 3, 2-oxazaphosphorine; 

3 , 4-dihydro- ( 2H ) -2- [bis ( 2-chloroethyl ) amino ] -11- [ 4_ { 4 1 „ 
methy Ipiper azin- 1 • -yl ) but oxy ] -2 , 7 , 12 -tr ioxoanthrace- 
ne [ 2 , l-e ]-l , 3 , 2-oxazaphosphorine ; 

3 , 4-dihydro- ( 2H) -2- [bis { 2-chloroethyl ) amino ] -11- [ 4- ( 1 * _ 
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pirrol idiny 1 ) butoxy ] -2 , 7 , 12-tr ioxoanthr acene [ 2 , 1-e 3 - 
1,3 ,2-oxazaphosphorine; 

3 , 4-dihydro- ( 2H) -2- [bis ( 2-chloroethyl ) amino ] -6- [ 2- ( 1 ' - 

pirrolidinyl) ethoxy 1-2 , 7 , 12-tr ioxoanthracene [ 2 , 1-^e ]- 
1,3 , 2-oxazaphosphorine. 

The compounds of the invention can be prepared by 
reacting a compound of formula (II), optionally in form 
of the inorganic or organic acid addition salt, 



(II) 




O «i 

with a compound of formula (III) 
CI 0 



P - N CHI) 

Cl^ 

wherein R, R & , R b , ^ and R 2 have the above defined 
meanings. 

The reaction is generally carried out in an inert 
organic solvent, such as tetrahydrofuran, dioxane, 
acetonitrile , chloroform, dichlorome thane, ethyl ether 
or mixtures therof , in the presence of an organic base 
such as triethylamine, tributyl amine, N-ethyl-diiso- 
propylamine, pyridine, a N-alkylpyridine such as 2-, 3- 
or 4_picoline and the like or in the presence of an 
inorganic base such as sodium bicarbonate, potassium 
carbonate and the like. 

The reaction can be carried out at a temperature 
varying from -40° C to the room temperature; the 
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reaction time reaction ranges from 8 to 48 hours, but 
generally the reaction is completed within 24 hours at 
room temperature. 

The compounds of formula (III) are known or they 
5 can be prepared according to known methods, such as 
those described in: J. Am. Chem. Soc. (1954), 76, 655; 
J. Pharm. Sci. (1982), 71, 308; Arch. Pharm. (1982), 
315, 577; Arch. Pharm. (1981), 314, 85; 3. Am. Chem. 
Soc. (1979) , 101, 7712. 
10 The compounds of general formula (II) can be 

prepared from the compounds of formula (IV) 



15 




wherein and & 2 are as defined above and X is a 

leaving group such as chlorine, bromine, iodine, 

20 mesyioxy or tosyloxy, by reaction with a compound of 
formula R-NH 2 , wherein R is as defined above. 

An alternative method, which can advantageously be 
used for the preparation of the compounds of formula 
(II) wherein R is hydrogen, consists in reacting 

25 compounds of formula (IV) with h exame thy 1 en etetr amine 
and subsequent acid hydrolysis of the obtained hexame- 
thylenetetrammonium salt according to known procedures 
(see for instance Org. Reac. vol. 8 chapt. 4). 

The compounds of formula (IV) can be prepared by a 

30 multi-step process, which comprises Marschalk 
hydroxymethylation of the compounds of formula (V) 
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CV) 



O 1 

and subsequent functionalization of the obtained benzyl 
alcohol by means of halogenation or mesylation 
reactions and the like, according to what is described, 
for example, in: Chem. Ber. (1980), 113, 306; Chem. 
Pharm. Bull. (1989), 37, 3294; Liebigs Ann. Chem. 
(1979), 19; Liebigs Ann. Chem. (1984), 306; 
Phytochemistry (1981), 20, 2441. 

The compound of formula (V) wherein R 1 and R^ are 
both hydrogen is known and commercially available. 

The compounds of formula (V) wherein one of R^ or 
R 2 is different from hydrogen and the other is hydrogen 
are known or they can be prepared from the 
corresponding dihydroxyanthraquinones (which are known 
or commercially available) by monoalkylation with a 
compound of formula R^-X wherein R 5 is a C^-C^, alkyl, 

I 4 

allyl o propargyl or a group of formula -(CH 2 ) n -N-R 3 
being X, n, and R^ as defined above. Useful 

teachings to carry out the monoalkylation can be found 
in: Liebigs Ann. Chem. (1978), 2018; Liebigs Ann. Chem. 
(1984), 306; Tetrahedron Lett. (1984), 25, 803; Chem. 
Ber. (1980), 113, 2994; Liebigs Ann. Chem. (1980), 814. 
Alternatively, the compounds of formula (V) wherein R^ 
or R 2 are the -0-(CH 2 ) n -N-.R 3 group, can be prepared by 

R 4 

monoalkylation of the corresponding dihydroxyanthraqui- 
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nones with a compound of formula X' -(CH 2 ) n -Cl, wherein 
X' is chlorine, bromine, iodine but preferably bromine 
o iodine and n is as defined above, and subsequent 
reaction of the obtained compound with the amine of 
5 formula HK-R^ . 

*4 

The compounds of the invention have a marked 
cytotoxic activity on tumor cells, as it can be eviden- 
ced by the in vitro tests carried out for example, 

10 according to the procedure described by W.R. Wilson and 
W.A. Danny, Brit. J. Cancer. 49, 215 (1984). The IC 5Q s 
{i.e. the substance concentrations capable of 
inhibiting by 50% the growth of tumor cells, compared 
with controls) under aerobic (air 1C 50 ) and anaerobic 

15 (nitrogen IC 50 ) conditions and the hypoxic selectivity 
factor, by the air IC 5Q /nitrogen IC 5Q ratio have been 
determined for the compounds of the invention. 

The hypoxic selectivity is evidenced by values of 
the hypoxic selective factor which are significantly 

20 higher than 1. The cell lines used in these 
experiments are AA8 (Mutat. Res., (1980), 74, 21) and a 
mutant line thereof, 0V4, which lacks the DNA-repair 
mechanisms from damages caused by alkylating agents. 
Said cell lines can be grown either in monolayer or in 

25 suspension, as described by Whillans and Rauth, Radiat. 
Res., (1980), 34, 97. A representative compound of the 
present invention, 3 , 4-dihydro-(2H) -2- [bis {2-chloro- 
ethyl ) amino ] -6-methoxy-2 , 7 , 12-tr ioxoanthracene [ 2 , 1-e 3- 
1,3,2-oxazaphosphorine, proved to have a hypoxic 

30 selectivity factor of 1.3 in the AA8 cell line and of 
2.6 in the UV4 cell line, thus proving that the 



WO 93/05054 



PCT/EP92/01708 



10 



bio reductive activation preferentially occurs in the 
hypoxic cells of tumor tissues, which are generally 
resistant to chemotherapy and radiotherapy. Therefore, 
in consideration of the property to be selective by 
cytotoxic to hypoxic environment, the compounds of the 
present invention have a good toxicity profile. 
Moreover, the compounds of the invention have 
potentially no cross -re si stance with cyclophosphamide, 
since they have an activation mechanism different form 
the one of cyclophosphamide. The compounds of formula 
( I ) , when administered to men and animals bearing 
tumors which can be treated with alkylating agents, at 
doses ranging from 1 to 1200 mg/m 2 body area, are 
capable of inducing the regression of said tumors. 

The effective dosage of the compounds of the 
invention can be determined by the expert clinician 
with conventional methods. The relationship between the 
dosages used for animals of various species and those 
for humans (on the basis of mg/m 2 body area) is 
described by Freireich, E.J., et al. , Cancer Chemoter. 
R ep., 50, n.4, 219-244, May 1966. In particular, solid 
tumors such as lung, mammary, prostate carcinomas, 
colo-rectal tumors, as well as circulating neoplasia, 
such as lymphoid leukemia can be advantageusly treated. 

The compounds of the invention can be administered 
by the parenteral route (intravenously, intramuscu- 
larly, intraarterially, intraperitoneal^) in form of 
sterile aqueous solutions or sterile powders for the 
extemporary preparation of solutions, oily preparations 
for the intramuscular or intraperitoneal 
administrations. 
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The compounds of the invention can also be admini- 
stered by the oral route: in this case, useful 
pharmaceutical forms can be solid, such as tablets or 
capsules, which can optionally be gastro-resistant , or 
5 liquid, such as syrups and the like. 

The following examples further illustrate the 
invention. 

EXAMPLE 1 

l-Chloro-3-iodopropane (20.1 ml) is dropped into a 
10 solution heated to 60 °C of l-acetoxy-8~hydroxyanthra- 

quinone (Liebigs Ann. Chem. (1984) 306) (28 g) in 

dime thy lformamide (DMF; 800 ml), containing potassium 

carbonate (K 2 C0 3 j 34,6 g) as insoluble, with stirring. 

The resulting mixture is stirred at 60 °C for 6 hours , 
15 then it is poured into ice-water {1.5 1). A precipitate 

separates which is filtered and washed with water. 

After drying in oven under vacuum at 40 °C, 35 g of 

l-acetoxy-8-(3-chloropropoxy)anthraquinone as a yellow 

solid are obtained, m.p.= 157°-158°C. 
20 ^"H-NMR (CDC1 3 ,TMS): cT = 2.37 (m, 2H) ; 2.5 (s, 3H) ; 3.97 

Ct, 3H); 4.3 (t, 3H) ; 7.35 (dd, 1H) ; 7.4 (dd, 1H) ; 7.7 

(m, 2H); 7.9 (dd, 1H) ; 8.2 (dd, 2H) . 

EXAMPLE 2 

A solution of l-chloro-3~iodopropane (24.2 ml) in 
2 5 DMP (20 ml) is added dropwise to a solution heated to 
60 °C of quinizarin (1 , 4-dihydroxyanthraquinone; 30 g) 
in DMF (450 ml), containing K 2 C0 3 < 32 - 6 9> as 
insoluble, under stirring, during 3 hours. The 
resulting mixture is stirred at 60 °C for 24 hours, and 
30 subsequently is cooled to room temperature and parti- 
tioned between water (400 ml) and dich lor ome thane (300 
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ml) . The aqueous phase is reextr acted with dichloro- 
methane (2 x 200 ml) and the combined extracts are 
dried (Na 2 S0 4 > and evaporated to dryness. The resulting 
crude product is purified by silica gel chromatography 
5 (eluant dichlorome thane /hexane 8:2) to give 14 g of 1- 
hydroxy-4~(3-chloropropoxy) anthraquinone as an orange 
solid, m.p.= 13&°-143*C. 

^•H-NMR (CDC1 3 ,TMS) : cT= 2.35 (m, 2H) ; 3.98 (t, 2H) ; 4.3 

(t, 2H); 7.3 (dd, 1H); 7.4 (dd, 1H) ; 7.77 (m,2H); 8.25 
10 (m, 2H) j 13.0 (s, 1H) . 

EXAMPLE 3 

Using in the procedures described in examples 1 
and 2 the appropriate cu-chloroalkyl iodides or tosyla- 
tes, the following compounds were prepared: 
15 l-acetoxy-8- ( 2-chloroethoxy ) anthraquinone ; 
l-acetoxy-8- (4-chlorobutoxy) anthraquinone; 
1 -hydroxy- 4- ( 2-chloroethoxy ) anthraquinone ; 
1-hydr oxy-4 - ( 4 -ch lor obutoxy ) anthr aquinone . 

EXAMPLE 4 

20 To a solution of l-acetoxy-8- ( 3-chicropro- 

poxy) anthraquinone (4.5 g) in DMF (140 ml), NaHC0 3 (5.2 
g) and KI (4.2 g) as insoluble are added with stirring, 
followed by morpholine (3.3 ml). The resulting mixture 
is heated to 80 °C for 8 hours, then it is allowed to 

25 cool to room temperature and it is poured into 2N 
hydrochloric acid (150 ml). The obtained solution is 
extracted with ethyl acetate (3 x 30 ml) and the 
organic extracts are discarded. The acid solution is 
alkalinized to pH 8 by adding 35% NaOH and the 

30 resulting mixture is extracted with ethyl acetate (3 x 
100 ml); the combined organic extracts are washed with 
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water (100 ml), dried (3Sfa 2 SO^) and concentrated to 
small volume. A solution of anhydrous hydrochloric acid 
in absolute ethanol (6 . 7N; 3 ml) is dropped into the 
obtained solution, cooled with ice-bath, under nitrogen 
5 atmosphere and with stirring, A precipitate separates 
which is filtered and recrystallized from methanol to 
give 3.5 g of 1-hydr oxy-8-[3- (4 '-morpholinyl) pro- 
poxy ]anthraquinone hydrochloride as a yellow solid, 
m.p.= 245°-246°C (with dec). 
10 1 H-NMR (DMSO-d^TMS) : <J = 2.3 (m, 2H) ; 3.15 (m, 2H) ; 
3.5 (m, 4H); 3.9 (m, 4H) ; 4.3 (t, 2H) ;. 7.36 (dd, 1H) ; 
7.75 (m, 5H); 12.9 (s, 1H) . 

EXAMPLE 5 

Following the procedure described in example 4, by 
15 reacting UA-chloroalkyloxy anthr aquinone s prepared in 
examples 1, 2 and 3 with the appropriate amines, the 
following compounds were prepared as the hydrochloride 
salts: 

1-hydr oxy-4 - [ 3 - ( 4 ' -morpholinyl ) propoxy ■] an thr aquinone 

20 m.p.= 212°-216°C (with dec). 

1 H-NMR ( DMSO-dg , TMS ) : ^=2.28 (m, 2H) ; 3.15 (m, 2H) ; 3.5 
(m, 4H); 3.9 (m, 4H) ; 4.25 (t, 2H) ; 7.45 (s, 1H) ; 7.95 
(m, 2H); 8.2 (m, 2H) ; 10.85 (s, all., 1H; 12.8 (s, 1H) . 
1 -hydro xy-8- [2-(4 ' -morphol inyl ) ethoxy ] ant hr aquinone ; 

25 l-hydroxy-4-[2-(4 ' -morpholinyl ) ethoxy] an thr aquinone; 

1 -hydroxy- 8- [ 3 - ( N , N-dime thy lamino ) propoxy ] anthr aquino- 
ne; 

1-hydr oxy-8- [ 2- ( N , N-dime thy lamino ) ethoxy ] an thraquinone ; 
l-hydroxy-4~ [ 3 - ( N , N-dime thy lamino ) propoxy ] anthraquino- 
30 ne; 

1-hydr oxy-4- [ 2- ( N , N-dime thy lamino ) ethoxy ] anthr aquinone ; 
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l-hydroxy-8-[3-(4 '-methylpiperazin-l ' -yDpropoxy] an- 
thr aquinone; 

l~hydroxy~4-[3-(4 > -methylpiperazin-l '-yDpropoxy] an- 
thr aquinone? 

5 l-hydroxy-8- 1 2- (4 ' -methylpiperazin-l • -yl ) ethoxy ] anthr a- 
guinone ; 

1-hydr oxy-4- [ 2- (4 • -methylpiper azin-1 ■ -yl ) ethoxy J anthr a- 
quinone. 

EXAMPLE 6 

10 A suspension of i-hya^oxy~8~[3-(4 , -morpho-- 

linyl)propoxyJanthraquinone hydrochloride (1.6 g) in 
methanol {50 ml) cooled to 0°-5°C with an ice-bath, 
under nitrogen atmosphere and with stirring, is added 
dropwise with IN NaOH (10 ml) and subsequently with a 

15 solution of Na 2 S 2 0 4 (3.5 g) in water (35 ml). 

At the end of the addition 37% formaldehyde (4.85 
ml) is added in a single portion and the reaction 
mixture is stirred at the same temperature for 2 hours; 
then the reaction mixture is diluted with water (100 

20 ml) and air is bubbled through for 15-30 minutes at 
room temperature. After adjusting pH to 7 with a 
NaH 2 P0 4 saturated solution, a precipitate separates 
which is filtered, washed with water, dried under 
vacuum over P 2 0 5 and recrystallized from ethyl 

25 acetate/methanol 4:1 to give 1 g of X -hydroxy- 2 -hy- 
droxyraethy 1-8 - [ 3 - ( 4 • -morpholinyl ) propoxy J anthr aquinone 
as an yellow-orange solid, m.p.- i49°-150 ,, C. 
1 H-KMR (MeOD, TMS) : d" ~ 2-25 (Hi, 2H) ; 2.6 (ffi, 4H) ; 2.8 
(t, 2H) ; 3.75 (m, 4.H) ? 4-3 (t, 2HJ ? 4.8 (s, 2H) ? 7.5 

3 0 (dd, 1H) ; 7.8 (m, 4H) . 
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EXAMPLE 7 

Following the procedure described in example 6, 1- 
hy droxy ant hr aquinone s of example 5 were transformed 
into the following 2-hydroxymethylanthraquinones : 
l-hydroxy-2 ~hy droxyme thy 1-4 - [3-(4 ' -morpholinyl ) pro- 
poxy ]anthr aquinone ; ra.p.« 153°-156°C; 

1-hydr oxy-2-hydr oxymethy 1-8- [ 2- (4 1 -morpholinyl )ethoxy ]~ 
anthr aquinone ; 

1-hydr oxy-2-hydr oxymethy 1-4- [ 2- ( 4 ' -morpholinyl ) ethoxy ] - 
anthraquinone; 

1-hydr oxy -2 -hydr oxymethy 1- 8- [ 3 — { N , N-dime thy lamino ) pro- 
poxy ] anthr aquinone ; 

1-hydr oxy-2-hydr oxymethy 1-8- [ 2- { N , N-dime thy lamino ) e~ 
thoxy 3 anthr aquinone ; 

l-hydroxy-2-hydr oxymethyl-4- [ 3- ( N , N-dime thy lamino ) pro- 
poxy ] anthraquinone ; 

1 -hy dr oxy- 2 - hy dr oxymet hy 1- 4 - [ 2 - ( N , N- dime thy 1 amino ) e- 
thoxy ] anthraquinone ; 

l-hydroxy-2-hydroxymethyl-8-[3-(4 '-methylpiperazin-1 1 - 
yl ) propoxy ] anthraquinone ,* 

l-hydroxy-2-hydroxymethyl-4-[3-(4 1 -methylpiperazin-1 1 - 
yl ) propoxy ] anthraquinone ; 

l-hydroxy-2-hydroxymethyl-8-[2-(4 1 -methylpiperazin-1 ' - 
yl ) ethoxy ] anthraquinone \ 

l-hydroxy-2-hydroxymethyl-4- [2- (4 1 -methylpiperazin-1 ' - 
yl ) ethoxy ] anthraquinone . 

EXAMPLE 8 

Dnder nitrogen atmosphere thionyl chloride (0.62 
ml) is added to a suspension of 1 -hydroxy- 2- 
hydr oxymethy 1-8- [ 3~ (4 1 -morpholinyl ) propoxy ] anthr aqui- 
none (1.19 g) in DMF {20 ml) while cooling with an ice- 
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bath. The reaction mixture is left to warm to room 
temperature and then it is heated to 50 °C for one hour. 
From the resulting solution, by cooling to 0°C and 
diluting with ethyl ether, an orange solid crystallizes 
5 which is filtered and dried under vacuum at room 
temperature to give l-hyox6xy~2~chloromethyl-8~[3-(4 
morpholinyl )propoxy] anthraquinone hydrochloride, m.p.= 
236°-237°C (with dec). 
- ^-H-KME (MeOD,TMS) : 6 = 2.42 (m, 2H) ; 3,3 (m, 2H) ; 3.65 
10 (t, 2H); 3.75 (m, 4H) ; 3.9 (m, 2H) ; 4.15 (m, 2H) ; 4.37 
(t, 2H); 4.77 {s, 2H) ; 7.55 (dd, ■ 1H) ; 7.85 <m, 4H) . 
EXAMPLE 9 

Following the procedure described in example 8, 2- 
hydf oxymethylanthraquinones of example 7 were transfor- 
15 med into the following 2-chloromethylanthraguinones: 

l-hydroxy-2-chloromethyl-4-[ 3 - { 4 ' -morpholinyl ) propoxy ] - 
anthraquinone hydrochloride; ra-.p.= 229 0 -232°C (with 
dec. ) . 

l-hydroxy-2-chlorome thy 1-8- [2- (4 1 -morpholinyl ) ethoxy ]- 
20 anthraquinone hydrochloride; 

l~hydroxy~2-chloromethyl-4- [ 2~ (4 ' -morpholinyl ) ethoxy ]- 
anthraquinone hydrochloride; 

1-hy dr oxy-2 -chlorome thy 1- 8 ~ [ 3 - ( 33 , N- dime thy 1 amino ) pro- 
poxy] anthraquinone hydrochloride; 
2 5 l~hydr oxy-2-chlorome thy 1-8- [ 2- ( K ,N-dime thy 1 amino ) e- 
thoxy I anthraquinone hydrochloride; 

l-hydroxy-2-chloromethy 1-4 - [ 3- (N , N- dimethyl amino ) pro- 
poxy ] anthr aquinone hydrochloride ; 

1-hydr oxy-2 -chlorome thy 1-4- [ 2~ (N , N- dimethyl amino ) e- 
30 thoxy] anthraquinone hydrochloride; 

l-hydroxy-2-chloromethyi-8-[3-(4 '-methylpiperazin-1 
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yl ) propoxy ] anthraquinone dihydrochlor ide ; 
l-hydroxy-2-chloromethyl~4- [ 3- ( 4 ' -methylpiperazin-1 ' - 
yl ) propoxy ] anthr aquinone dihy drochloride ; 
l-hydroxy-2-chloromethyl-8- [2- ( 4 ' -methylpiperazin-1 1 - 
5 yl)ethoxy] anthraquinone dihydrochlor ide; 

l-hydroxy-2-chlorome thyl~4- [ 2- (4 ' -methylpiper azin-1 ' - 
yl)ethoxy] anthraquinone dihydrochloride . 

EXAMPLE 10 

l-Hydroxy~2-chloromethyl-8-[3~(4 '-morpho- 
10 linyl) propoxy] anthraquinone hydrochloride (400 mg) is- 
added in portions to a suspension of NaHC0 3 (1 g} in 
chloroform {50 ml). The suspension is vigorously 
stirred for 30 minutes, then it is filtered and the 
solid is thoroughly with chloroform (2 5 ml) and finally 
15 with methanol (5 ml). The combined filtrates are 
concentrated to small volume (2 5 ml) and dropped in one 
hour into a solution of hexamethylehetetramine (230 mg) 
in chloroform (5 ml) heated to reflux. When dropping is 
over, heating is continued for 6 hours. A precipitate 
20 separates which, after cooling to a room temperature is 
filtered to give 370 mg of l-hydroxy-2- 
( h exame thy 1 enet et rammonium ) me thy 1- 8- [ 3 - ( 4 * -morpho- 
linyl) propoxy] anthraquinone chloride; m.p.= 184°C-186°C 
(with dec. ) . 

25 1 H-NMR (MeOD, TMS):cT=2.35 (m, 2H) ; 3.15 (m, 4H) ; 3.35 
(m, 2H) ; 3.9 (i, 4H) ; 4.2 (s, 2H) ; 4.37 (t, 2H) ; 4.65 
(ra, 6H); 5.25 (s, 6H) ; 7.6 (dd, 1H) ; 7.9 (m, 4H) . 

EXAMPLE 11 

Following the procedure described in example 10, 
30 by reacting 2-chloromethylanthraquinones prepared' in 
example 9 with hexamethylenetetramine , the following 
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compounds were obtained: l-hydroxy-2- ( hexame- 
thylenetet rammonium)me thy 1-4 - [ 3 - ( 4 ' -morphol inyl ) pro- 
poxy] an thraquinone chloride?: m.p.V 189°-191°C (with 
dec. ) ; 

5 l-hydroxy-2- (hexame thy lenetetrammonium) methy 1-8- [ 2- (4 ' - 
morphol inyl ) ethoxy 3 anthraquinone chloride ; 
l-hydroxy-2- (hexame thylenetetrammonium) methyl-4-- [ 2- ( 4 • - 
morphol inyl ) ethoxy ] anthraquinone chloride ; 
1 -hy dr oxy- 2 - ( h exame thy 1 ene t e t r ammo n ium. ) me t hy 1 - 8 - [ 3 - 

10 (N,N-diffiethylamino)propoxy] anthraquinone chloride; 

l-hydroxy-2- ( hexame thy lenetetrammonium ) methyl- 8- [2- 
( N , N- dime thy lamino ) ethoxy ] anthraqui none ch lor i de ; 
l-hydroxy-2- { hexame thylenetetrammonium ) methyl-4 - [ 3- 
(N , N-dime thy lamino ) propoxy ] anthraquinone chloride ; 

15 l-hydroxy-2- (hexame thylenetetrammonium) methyl-4- [2- 
(H, N-dimethylamino ) ethoxy ] anthraquinone chloride ; 
l-hydroxy-2- ( hexame thy lenetetrammoniumimethy 1-8- [ 3- { 4 1 - 
methylpiperazin-1 ' ~yl ) propoxy ] anthraquinone chloride; 
l-hydroxy-2 - { hexame thy lenetetrammonium ) methyl-4- [ 3 - ( 4 ' - 

20 methylpiperazin-1 ■ -yl ) propoxy] anthraquinone chloride ; 

l-hydroxy-2- (hexame thylenetetrammonium) methyl- 8- [ 2- (4 1 - 
me thylpiperaz in -l'-yl) ethoxy ] anthraquinone chloride; 
i-hydroxy-2- (hexame thy lenetetrammonium)methy 1-4- [ 2- ( 4 1 - 
methylpiperazin-1 1 -yl ) ethoxy ] anthraquinone chloride. 

25 EXAMPLE 12 

A solution of l-hydroxy-2-chloromethyl-4- 
methoxyanthraquinone [prepared according to the 
procedure described in Chem. Ber. (1980), 113, 2994- 
3009], (500 mg) in CHC1 3 (20 ml), is dropped during one 

30 hour into a refluxing solution of 

hexamethylenetetramine (700 mg) in chloroform (5 ml). 
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After that, heating is continued for 6 hours. A 
precipitate separates which, after cooling to room 
temperature, is filtered, washed with ethyl ether and 
dried under vacuum to give 570 mg of l-hydroxy-2- 
5 ( hexame thy lenet et rammonium ) methyl- 4 ~methoxy-an thr aqui- 
none chloride as a red solid, m.p. = 201°-205°C. 
1 H-NMR (MeOD,TMS) ; cT= 4.05 (s, 3H) } 4.2 (s, 2H) ; 4.65 
(m, 6H); 5.3 (s, 6H); 7.75 (s, IB); 7.9 (m, 2H) ; 8.25 
(m, 2H), 

10 Analogously, using l~hydroxy-2-chloromethyl-8~ 

methoxyanthraquinone [prepared according to the 
procedure described in Liebigs Ann. Chenw {1984}, SOS- 
SIS] as the starting compound, l-hydroxy-2- 
( he xame thy 1 en e t e t r ammon ium)methyl-8-methoxyanthr aqu ino - 

15 ne chloride is obtained, m.p. 184~186°C. 

1 H-NMR (D 3 OD, TMS); cf = 2.35 [m, 2H) ; 3.18 (m, 4H) ; 
3.30 (t, 2H) ; 3.90 (m, 4H) ; 4,20 (s, 2H) ; 4.30 (t, 2H) ; 
4.65 (q, 6H) ; 5.25 {s ; 6H) ; 7.60 (dd, 1H) ; 7,90 (m, 
4H). 

20 EXAMPLE 13 

Concentrated hydrochloric acid {0.45 ml) is added 
to a solution of l-hydroxy-2 -{hexame thylenetet ram- 
monium )methy 1-8- [3- (4 ' -morpholinyl )propoxy ] anthraquino- 
ne chloride (370 mg) in water {0.45 ml) and the mixture 

25 is stirred at room temperature for 16 hours. An orange 
solid separates, which is filtered, washed with 
tetrahydrofuran and dried under vacuum, to give 300 mg 
of 1 -hydroxy- 2-aminome thy 1-8- [ 3- ( 4 • -morpholinyl ) pro- 

poxy] an thr aqu inone dihydrochloride, m.p.= 249°-250 <, C 

30 (with dec. ) . 

"""H-NMR (D„0,TMS); cT = 2.43 (m, 2H) ; 3.6 (m, 6H) ; 4.1 
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(m, 4H) ; 4.3 (t + s; 4H} ; 7.4 (dd, 1H) ; 7.75 (m,4H). 
EXAMPLE 14 

By reacting the hexaraethylenetetrammoniura salts t 
described in examples 11 and 12 according to the 
5 procedure described in example 13, the following 
compounds were prepared? 

1-hydr oxy-2~aminomethy 1-4 - [ 3 -( 4 ' -morpholinyl ) propoxy ] - 
anthraguinone dihydrochloride; m.p.~ 237°-238 0 C (with 
dec. } . 

10 "^H-NMR (020,3^8) : <5*»2 . 42 (m, 2H) ; 3.6 (n, 6H) ; 4.25 (m, 
8H); 7.45 (s, 1H) ; 7.92 Cm, 2H) ; 8.1 (m, 1H) ; 8.22 (m, 
1H). 

l-hydroxy~2-aminomethyl-4-methoxyanthraquinone hydro- 
chloride! m.p.= 187" dec. 
15 1 H-NMS (D 2 0, TMS)rcT= 3.82 (s, 3H) ; 4.15 (s, 2H) ; 7.4 
(s, 1H); 7.8 (m, 4H) ; 

l-hydroxy-2-aminomethyl-8-methoxyanthraquinone hydro- 
chloride, m.p. 2 4 2-24 3 *C; 

1-hydr oxy-2-aminomethy 1-8 ~ [ 2- ( 4 « -morpholinyl ) ethoxy ] an- 
20 thraguinone dihydrochloride; 

1-hydr oxy- 2 -aminomethy 1-4- [ 2- ( 4 1 -morpholinyl ) ethoxy ] an- 
thraguinone dihydrochloride; 

1-hydr oxy-2-aminoraethy 1-8- [ 3 - (N , N-dime thylamino ) pro- 
poxy ] anthraguinone dihydrochloride ; 

2 5 l-hydroxy-2-aminomethy 1-8- [ 2- ( N , K-dime thy 1 amino ) e- 

thoxy] anthraguinone dihydrochloride; * 
l-hydroxy-2-aminomethyl-4- [ 3- ( N , N-dime thy 1 amino ) pro- 
poxy Janthraguinone dihydrochloride; 
l-hydroxy-2 -aminomethyl-4- [2— (N , N-dime thy lamino ) e- 

30 thoxy ] anthraguinone dihydrochloride; 

l-hydroxy-2 -aminomethy 1-8- [3- (4 » -methylpiperazin-1 1 - 
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yl Jpropoxy ] anthr aquinone trihydrochloride j 
l-hydroxy-2-aminomethyl-4- [3- (4 ' -methylpiperazin-1 ' - 
yl )propoxy ] anthr aquinone trihydrochloride ; 

1- hydroxy-2-aminomethyl-8- [ 2- ( 4 • -methylpiperazin-1 ' - 
yl ) ethoxy ] anthr aquinone trihydrochloride ; 

l~hydr oxy-2-aminomethy 1-4- [ 2- ( 4 ' -methylpiperazin-1 ■ - 
yl) ethoxy ] anthr aquinone trihydrochloride. 

EXAMPLE 15 

Into a stirred suspension of l-hydroxy-2- 
aminome thyl-8- [ 3- ( 4 ' -morpholinyl )propoxy ] anthr aquinone 
dihydrochloride {50 rag) and N,N-bis{2- 

chloroethyl ) phosphor amide dichloride (30 mg) [prepared 
according to the procedure described in J. Pharm. Sci. 
(1982), 71, 308] in tetrahydrof uran/acetonitrile 1:1 (4 
ml) while cooling with an ice-bath and under nitrogen 
atmosphere. A solution of triethylamine (0.065 ml) in 
tetrahydrof uran/acetonitrile 1:1 (1 ml) is dropped. 
When the addition is over, the reaction mixture is left 
to warm to room temperature and it is stirred for 16 
hours. After dilution with chloroform (5 ml), the 
organic phase is washed with water (2x3 ml), dried 
over sodium sulfate and concentrated to small volume. 
By addition of ethyl ether to the resulting solution, a 
yellow solid separates, which is quickly filtered under 
nitrogen atmosphere to give 15 mg of 3, 4-dihydro-( 2H) - 

2- [ bi s ( 2 -chloroe thy 1 ) amino ] -1 1- [ 3- ( 4 • -morphol inyl ) pro- 
poxy] -2 , 7 , 12-trioxoanthracene[2 , l-e]-l, 3 ,2-oxazapho- 
sphorine ; 

1 H-KMR (DMSO-dg.TMS): cT= 2.25 (hi, 2H) ; 3.3 (m, 10H) ; 
3.6 (m, 4H); 3.7 (t, 4H) ; 4.3 (t + m, 4H) ; 5.9 (m, 1H) ; 
7.6 (dd, 1H) ; 7.8 (m, 4H) . 
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EXAMPLE 16 

By reacting 2-aminomethylanthraquinones prepared 
in example 14 with N,N-bis (2-chloroe thyl ) phosphor amide 
dichloride according to the procedure described in 
5 example 15, the following compounds were prepared: 

3 , 4-dihydro- C 2H) -2 - [bis ( 2 -chloroethyl ) amino ] -6- [ 3 - ( 4 ' - 
mor pholinyl ) propoxy ] -2 , 7 , 12-trioxoanthr acene [ 2 , 1-e ] - 
1,3, 2-oxazaphosphorine. 
m.p.= 176°-178°C (with dec. ) . 

10 X H-NMR {DMS0-d 6 ,TMS) : cT = 2.0 (m, 2H) 3.3 (m, 10H) ; 
3.6 Cm, 4HJ? 3.7 (t, 4H) ; 4.15 (t, 2H) ; 4.3 (m, 2H) ; 
5.9 (m, 1H); 7.6 (s, 1H) ; 7.85 (m, 2H) ; 8.1 (m, 2H) . 
3 , 4-dihydro- ( 2H) -2- [bis (2-chloroe thyl ) amino ] -6-methoxy- 
2,7, 12-trioxoanthr acene [ 2 f 1-e 1-1,3, 2-oxazaphosphorine ; 

15 m.p.* 203 o -204 e C; 

X H-NMR (DMSO, TMS) tF= 3.35 (m, 4H) ; 3.75 (t, 4H) j 3.95 
(s, 3H); 4.32 (m, 2H); 5.90 (dt, 1H) ; 7.58 (dd, 1H) ; 
7.8 (m, 4H). 

3 , 4-dihydr o-{ 2H) -2- [ b is ( 2 -chloroethyl ) amino J -11-me- 
20 thoxy-2,7 , 12-trioxoanthracene[ 2 , 1-e] -1,3 , 2-oxazapho- 
sphorine; m.p. 210-212 °C; 

1 H-NMR (DMSO-dg, TMS)cT = 3.35 (m, 4H) ; 3.75 (t, 4H) ; 
3.93 (s, 3H); 4.32 (dd, 2H) ; 5.85 (dt, 1H) ; 7,61 (s, 
IE); 7.86 (m, 2H) ; 8.07 (m, 2H) . 
25 3 , 4~dihydro- ( 2H) -2- [bis ( 2 -chloroethyl ) amino] -11- [ 2- (4 ' - 
morpholinyl ) ethoxy ]~2 , 7 , 12-trioxoanthr acene [ 2 , 1-e]- 
1,3, 2-oxaz apho sphorine ; 

3 ,4-dihydro-(2H)-2-[bis ( 2 -chloroethyl ) amino 3 -6- [2- (4 *- 
morpholinyl ) ethoxy J-2 , 7 , 12-tr ioxoanthracene [ 2 , 1-e ] - 
30 1,3, 2-oxazaphosphorine; 

3 , 4-dihydro- ( 2 H) -2- [ bis ( 2 -chloroethyl ) amino ] -11 - [ 3- 
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{ N,N-dime thy 1 ami no ) propoxy ] -2 , 7 , 12-trioxoanthr ace- 
ne[2 ,l-e]»l, 3 , 2-oxazaphosphorine ; 

3 , 4-dihydro- (2H) -2- [bis (2-chloroethyl ) amino ] -11- [ 2- 
(N, N-dirae thylamino ) -ethoxy 1-2,7 , 12-trioxoanthrace- 
5 ne[2 ,l-e]-l, 3 , 2-oxazaphosphorine; 

3,4-dihydro~(2H)-2~[bis(2-chloroethyl)amino]-6-[3-(N,N 
dime thylamino ) propoxy ] -2 , 7 , 12-trioxoanthr acene [ 2 , 1-e ] - 
1, 3 , 2-oxazaphosphorine; 

3 , 4-dihydro- ( 2H) -2- [bis { 2-chloroethyl ) amino ] -6- [2- (N,N 
10 dimethylamino)etos si]~2,7,12-trioxoanthracene[2,l-e 
1,3, 2-oxazaphosphorine ; 

3 , 4 -dihy dr o- ( 2 H) -2- [ bis ( 2-chloroethyl ) amino ] -11- [ 3 - ( 4 ' 
me thylpiperaz in-l'-yl) propoxy 3-2,7, 1 2-t r ioxoanthrace- 
ne [ 2 , 1-e ]-l , 3 , 2-oxazaphosphorine ; 
15 3, 4-dihydro- ( 2H) -2- [bis ( 2-chloroethyl ) amino] -6- [3- ( 4 ' - 
methylpiperazin-1 * -yl) propoxy] -2 , 7 , 12-tr ioxoanthrace- 
ne [ 2 , 1-e ] -1 , 3 , 2 -oxa z aphosphor ine ; 

3 , 4-dihydro- (2H) -2- [bis (2-chloroethyl ) amino ]-ll- [ 3- ( 4 ! - 
methylpiperazin-1 • -yl ) ethoxy ]-2 , 7 , 12-trioxoanthrace- 
20 ne [ 2 , 1-e 3-1,3, 2-oxazaphosphorine ; 

3 , 4-dihydro- ( 2H) -2- [bis { 2-chloroethyl ) amino ] -6- [ 3- ( 4 • - 
methylpiperazin-1 1 -yl ) propoxy 3 -2 , 7 , 12-trioxoanthr ace- 
ne [2, 1-e 3-1, 3 , 2-oxazaphosphorine. 
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CLAIMS 

1. Compounds of formula I 



10 




(I) 



wherein : 

R is hydrogen, C ±~ C 4 alkyl, 2-chloroethyl, 2-bromo- 

15 ethyl, 2-iodoethyl, 2-mesyloxyethyl; 

R , R. , which can be the same or different, are hydro- 
a o 

gen, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2-me- 
syloxyethyl; 

R 1 and R 2 , which can be the same or different, are 
20 hydrogen. C j- G 4 alkoxy, allyloxy, propargyloxy or a 
group of formula -0-(CH 2 ) n -N-R 3 ; 

*4 

R 3 and R 4 are C J .-C 4 alkyl, or taken together with the 
nitrogen atom which they are linked to, they form a 5-6 
25 membered heterocyclic ring optionally containing one or 
more 0, N or S atoms; 
n is an integer from 2 to 5; 

and the pharmaceutically acceptable salts thereof, 

2. Compounds according to claim 1, wherein R is 
30 hydrogen, 2-chloroethyl or 2-mesyloxymethyl. 

3. Compounds according to claims 1 or 2, wherein R a 
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and R fa are both 2-chloroethyl. 

4. Compounds according to any one of the previous 
claims, wherein one of R 1 and R 2 is hydrogen and the 
other is as defined in claim 1. 
5 5. Compounds according to any one of the previous 
claims, wherein R^ or R^ are a group of formula 
-0-{CH 2 ) n ~N-R 3 in which and R^ are C 1 -C 4 alkyl, or, 

K 

taken together with the nitrogen atom, they form a mor^ 
10 pholino, pyrrolidine, piperidino, N-methylpiperazino , 
thiomorpholino ring, and n is the integer 2 or 3. 
6. A process for the preparation of the compounds of 
formula (I) characterized in that a compound of formula 
(II), optionally in the form of an inorganic or organic 
15 acid addition salt, 

CB NHR 



(H) 




is reacted with a compound of formula (III) 
CI 0 R 



(III) 



wherein R, R Q , R fa , Rj and R 2 have the above mentioned 
meanings . 

7. Pharmaceutical compositions containing as the 
active ingredient a compound of claims 1-5 in admixture 
with a pharmaceutically acceptable carrier. 

8. The use of the compounds of claims 1 to 5 for the 
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preparation of a medicament haying antitumor activity. 
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